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Deep sternal wound infection (DSWI) is a rare but potentially devastating complication of median sternotomy performed in cardiac surgery. The

incidence of DSWI is reported to be between 0.2% and 3%. Identifying high-risk patients and strategies to optimize risk factors plays an impor-

tant role in reducing the incidence of DSWI. Management of DSWI can be complex and may require a multidisciplinary team approach involv-

ing infectious disease specialists, microbiologists, as well as cardiothoracic and plastic surgeons. Early detection, appropriate antibiotic

treatment, aggressive surgical debridement, and use of regional muscle flaps have significantly improved treatment outcomes.
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Deep sternal wound infection (DSWI) is a rare but poten-

tially devastating complication of median sternotomy per-

formed in cardiac surgery. The incidence of DSWI is reported

to be between 0.2% and 3%, depending on factors such as

patient population, study methodology and year of publica-

tion.1-8 Despite its low incidence, DSWI has a profound effect

on healthcare outcomes with significantly increased 30-day

and 1-year mortality rates,3,5,6,9 reduced long-term survival,6

prolonged hospital length of stay,5,9 and excess treatment

costs5,9. Surgical site infections (SSI) may result from direct

wound contamination, contiguous extension from adjacent

structures, descending head and neck necrotizing infections, or

via blood-borne routes.10 Infection of the sternotomy wound

can involve the subcutaneous tissue, bone, cartilage or medias-

tinum, with the latter leading to the feared complication of

mediastinitis,11 which has an in-hospital mortality rate ranging

from 1.1% to 19%.12 Unresolved mediastinal infection
uests to Nian Chih Hwang, National Heart Centre, Car-

ia, 1 Hospital Drive, Singapore 169608.

ang.nian.chih@singhealth.com.sg (N.C. Hwang).
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involving cardiac suture lines may lead to septic shock or cata-

strophic bleeding.13 Hence early diagnosis, appropriate infec-

tion control, and effective treatment are crucial to the

management of DSWI.9,14 This review will focus mainly on

mediastinitis given its clinical importance and complexity of

management.

Methods

A literature search was performed using PubMed, Cochrane,

and Google Scholar databases up to December 2018 using the

medical subject headings “deep sternal wound infection,”

“mediastinitis,” “sternal instability,” “wound dehiscence,”

“cardiothoracic surgery,” “prevention and treatment of deep

sternal wound infections,” and “management of mediastinitis.”

References cited in these articles were further reviewed.

Diagnosis

DSWI is diagnosed based on a combination of clinical, labo-

ratory and radiological findings.15 In particular, the diagnosis
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of mediastinitis must meet at least one of the following criteria

outlined by the Centers for Disease Control and Prevention16:

1. Positive microbial culture taken from mediastinal tissue or

fluid.

2. Evidence of mediastinitis during surgery or on histopatho-

logical examination.

3. At least one of the following clinical features

(a) Fever >38˚C,

(b) Chest pain, or

(c) Sternal instability

And at least one of the following: purulent mediastinal dis-

charge, positive microbial culture from blood or mediastinal

discharge, or radiological evidence of mediastinal widening.

Patients with acute DSWI usually present within 30 days of

cardiac surgery.10 Besides fever, other common signs include

wound dehiscence, purulent wound discharge, and sternal

instability.17 Delayed wound healing and sternocutaneous fis-

tula may develop in chronic cases.

Radiologic investigations can help to establish diagnosis in

cases where clinical examination may be equivocal. The presence

of pneumomediastinum, mediastinal widening, and air-fluid lev-

els may be detected on a chest radiograph.18 A computed tomog-

raphy scan of the thorax is the investigation of choice in the

diagnosis of mediastinitis and is useful not only for diagnosis, but

also for assessing the extent of disease and guiding surgical man-

agement. Typical computed tomography findings include sternal

displacement, air pockets, fluid collections, and abscess forma-

tion.18 The use of positron emission tomography/computed

tomography in determining the depth and location of infected

areas has proven to be useful in guiding surgical debridement.19
Classification

Sternal wound infections can be classified anatomically into

superficial and deep infections depending on the level of fas-

cial involvement (Table 1). Superficial sternal wound infection

(SSWI) involves tissue above the fascial plane whereas infec-

tion beneath it is classified as DSWI. This can be further subdi-

vided into the following: without involvement of bone or

retrosternal tissue (2A), involvement of retrosternal tissue

(2B), bone, and retrosternal tissue involvement (2C) and osteo-

myelitis (2D).20 Mediastinitis comprises of types 2B, C, and D.

The El Oakley and Wright classification of poststernotomy

mediastinitis is commonly used in research for comparison
Table 1

Anatomical Classification of Sternal Wound Infections20

Sternal Wound Infection Type T

Superficial sternal wound infection (Above fascial layer) 1 S

Deep sternal wound infection (Below fascial layer) 2a R

2b R

2c R

2d F
among various treatment protocols and is based on the onset of

presentation after surgery, number of risk factors identified in

3 or more major studies, as well as the number of failed surgi-

cal interventions.21

Microbiology

The most common microorganisms responsible for DSWI

are coagulase-negative staphylococci (CoNS) and Staphylo-

coccus aureus (S. aureus).15 Depending on the etiology and

causative organisms, postoperative mediastinitis can be

divided into 3 types22:

1. Mediastinitis associated with chronic obstructive pulmo-

nary disease (COPD), obesity, and wound dehiscence, usu-

ally caused by a CoNS infection.

2. Mediastinitis arising from perioperative mediastinal con-

tamination, commonly caused by S. aureus infection.

3. Mediastinitis caused by spread from concomitant infec-

tions (for example, pneumonia or bacteremia), commonly

associated with gram-negative rods.

Studies have shown that DSWI caused by gram-negative

rods were often polymicrobial.17,23 Initiating patients on inap-

propriate antibiotic regimens had led to higher rates of second-

ary infection, prolonged mechanical ventilation, and

vasopressor use, as well as increased 30-day mortality.23

Risk Factors

The pathogenesis for DSWI remains complex and multifac-

torial. Risk factors can be broadly divided into preoperative,

intraoperative, and postoperative factors. Many studies have

been conducted to identify the risk factors but to date, no con-

sensus has been reached regarding their individual contribu-

tion.24 Part of the problem arises from the different definitions

of sternal wound infections used in various studies and varying

characteristics of the study population. Knowing the common

risk factors, however, allow high-risk patients to be identified,

preventive measures to be implemented, and timely treatment

to be instituted.

A number of scoring systems and risk calculators have been

developed to predict the risk of postcardiac surgery SSI,25-33

however, there has been a lack of specific prediction models

for DSWI.34 The Gatti score is the first scoring system specifi-

cally created to predict the risk of DSWI after bilateral internal

thoracic artery (BITA) grafting and has been shown to
issue Involvement Classification

kin and subcutaneous tissue Superficial wound infection

etrosternal tissue and bone not involved Deep incisional infection

etrosternal tissue Mediastinitis

etrosternal tissue and bone

rank osteitis
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outperform existing scoring systems for sternal wound infec-

tion after coronary artery bypass grafting (CABG) surgery.35

This score has been validated and found to be effective in a

French cohort study, though more multicenter validation stud-

ies are required before it can be incorporated into clinical prac-

tice.36 The latest risk stratification model for predicting DSWI

after CABG surgery by a Brazilian group is still awaiting

external validation.34

Preoperative

Sex

The role that sex plays in predisposing a patient to DSWI

remains inconclusive. Ashley et al.37 found that the female sex

was an independent risk factor for mediastinitis caused by

Methicillin-resistant S. aureus (MRSA) but not Methicillin-

sensitive S. aureus (MSSA). The authors explained the dispar-

ity by suggesting that the 2 conditions were separate disease

entities with distinct risk factors. Two other studies by Crab-

tree et al.38 and De Paulis et al.39 showed that only female sex

played a significant role in SSWI but not in DSWI. A 2016

meta-analysis by Balachandran et al. demonstrated that

females had a significantly higher incidence of sternal infec-

tion compared with males, but it is likely the study included

both SSWI and DWSI.24 Interestingly, a study by Copeland et

al. found that increased breast size (macromastia) was associ-

ated with an increased risk of DSWI, potentially owing to the

weight of unsupported breasts causing increased inferolateral

tension across the sternotomy wound and contributing to

wound dehiscence and subsequent infection.40 Conversely,

Borger et al. showed that the male sex was independently asso-

ciated with DSWI in patients who had undergone isolated

CABG surgery and postulated that increased wound tension

from a larger chest wall circumference in males might have

been a contributory factor.41

Advanced Age

There have only been a few studies identifying advanced

age as a risk factor for DSWI.37,42 However, a large 2010 ret-

rospective cohort study involving more than 21,000 cardiac

surgical patients over a 15-year period showed that despite a

significant increase in age during the last 5 years of the study,

there was a substantial decrease in the rate of DSWI, suggest-

ing that age was probably not a significant risk factor and that

the results seen could possibly be owing to changes in modifi-

able risk factors instead.43

Obesity

Despite varying definitions of obesity used in literature, var-

ious studies have demonstrated a strong association between

DSWI and a high body mass index.6,14,37,38,42,44,45 Obesity is

an independent risk factor that significantly increases the odds

of developing DSWI by up to 2.6 times.24 Several hypotheses

have been offered to explain the relationship. A larger chest

wall circumference places increased tension across the sternal

wound resulting in instability and predisposing to
infection.14,46 Decreased vascularity of adipose tissue can also

impair wound healing with less effective penetration of antibi-

otics and delivery of necessary nutrients.37,44 Moreover, physi-

ological alterations in obese individuals affect drug

pharmacokinetics and pharmacodynamics, making both pro-

phylactic and therapeutic antibiotic regimens challenging.47

Technical difficulties with prolonged operative time may fur-

ther contribute to the risk.

Diabetes Mellitus

Diabetes mellitus is another risk factor strongly associated

with the development of DSWI.6,8,37,38,41-45,48,49 Elevated

blood glucose concentrations have been shown to exert detri-

mental effects on the immune system, which in turn impairs

wound healing and increases the risk of infection.38,41,49

Hyperglycemia has been linked to increased mortality, DSWI,

and hospital length of stay.50 Perioperative glycemic control is

important in reducing the risk of developing DSWI. Trick et

al. demonstrated that the odds of developing DSWI in diabetic

patients with a preoperative blood glucose concentrations

�200 mg/dL (�11.1 mmol/L) was 10 times greater than that

in well-controlled diabetic patients.49 In addition, Furnary et

al. showed in a prospective study that tight glycemic control

(defined as blood glucose concentrations <150 mg/dL [<8.3

mmol/L]) with the use of continuous intravenous insulin ther-

apy during the perioperative period reduced the risk of DSWI

by up to 63%.50

Smoking and COPD

Studies investigating the link between DSWI and smoking

as a risk factor have been limited.43,45,48 A recent meta-analy-

sis showed no significant relationship between smoking and

sternal wound infection, though the finding was perhaps lim-

ited by the small number of studies.24 Smoking impairs wound

healing by reducing local blood flow resulting in decreased

skin circulation and tissue hypoxia.51 Smoking related cough

also exerts stress along the sternal wires, leading to wire break-

age, sternal bone fracture, and wound dehiscence.46 This

makes COPD one of the most important risk factors for sternal

dehiscence,52 and patients with COPD are at increased risk of

developing DSWI.6,42,44,53 The Centers for Disease Control

and Prevention Hospital Infection Control practice guidelines

for prevention of SSI recommended smoking cessation for at

least 30 days before elective surgery.54

Other preoperative risk factors for DSWI include peripheral

vascular disease,8,39,45 heart failure,45,55 renal insuffi-

ciency,55,56 chronic infections,57 and prolonged preoperative

hospital length of stay.6

Intraoperative

BITA Grafts

The use of BITA grafts as vascular conduits for CABG sur-

geries is associated with higher survival and lower cardiac-

related event rates compared with the use of a single internal

thoracic arterial (ITA) graft.58 However, the use of BITA
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grafts has been limited by the potential risk of DSWI caused

by disrupted blood supply to the sternum.59 Several observa-

tional studies have demonstrated the association between

DSWI and BITA grafting.8,39,41,44,45,59,60 A retrospective study

by Gatti et al. found that DSWI after BITA grafting could be

an independent predictor of reduced late survival.61 Hence,

several authors have recommended not using BITA grafts in

high-risk patients, such as those with diabetes mellitus, obe-

sity, peripheral vascular disease, and COPD.8,41,59

Prolonged Cardiopulmonary Bypass Time

Few studies have demonstrated the association between pro-

longed cardiopulmonary bypass (CPB) time and DSWI.6,11,43

Matros et al. found that prolonged CPB time was the only con-

sistent risk factor for DSWI over a 15-year study period.43 Pro-

longed surgeries may lead to tissue desiccation and increased

opportunities for wound contamination.45 Procedure duration

was found to be the only component of the National Nosoco-

mial Infection Surveillance System risk index (comprising of

patient’s American Society of Anesthesiologists physical status,

degree of surgical wound contamination, and length of surgery)

that determined the risk of SSI in cardiothoracic patients.62

Other intraoperative risk factors for DSWI include com-

bined CABG with valve procedures6,63,64 and emergency

surgery.63

Postoperative

Re-exploration

Re-exploration for bleeding is associated with a 6- to 9-fold

increase in the risk of developing DSWI.6,11,14,24,39,65 It has

been postulated that increased exposure of the mediastinum to

the environment during reoperations may increase the risks for

wound contamination and infection.24 In addition, further tis-

sue ischemia and injury resulting from excessive bleeding,

hypotension, and surgical dissection also can impair early ster-

nal wound healing.66

Blood Product Transfusion

Numerous observational studies have demonstrated a strong

association between blood product transfusion and develop-

ment of DSWI.38,57,65,67,68 A 2016 meta-analysis by Balachan-

dran et al. showed that postoperative blood product transfusion

was associated with an almost 3-fold increased risk of develop-

ing sternal wound infection.24 Interestingly, a randomized con-

trolled trial by the Transfusion Indication Threshold Reduction

(TITRe2) investigators demonstrated no difference in the inci-

dence of serious infection (including sepsis or wound infec-

tion) between the restrictive and liberal transfusion-threshold

groups.69 More randomized controlled studies are needed to

see if this holds true for DSWI as well.

Current data is conflicting as to which blood product is associ-

ated with the greatest risk. Crabtree et al.38 demonstrated that

transfusion of 2 or more units of platelets was associated with an

increased risk of DSWI, whereas Cutrell et al.57 suggested 4 or

more units of packed red blood cells. Blood product transfusion
may lead to suppression of the recipient’s immune system, lead-

ing to an increased susceptibility to infections.38,65,67

Other postoperative risk factors for DSWI include respira-

tory failure,6 prolonged ventilator support,8,45 and insertion of

percutaneous tracheostomy within 48 hours after surgery.70

Preventive Measures

Perioperative implementation of bundled interventions has

been key to reducing the incidence of DSWI, by reducing bacte-

rial wound contamination and optimizing conditions for wound

healing.71,72 These measures include preoperative screening for

nasal carriers of S. aureus, skin preparation, optimizing patients’

premorbid conditions, antimicrobial prophylaxis, meticulous

surgical technique, and wound management.10,72

S. Aureus Nasal Carriage

MRSA mediastinitis is associated with high 1-year mortality

rates of up to 49%, as well as treatment failure.73-76 Nasal car-

riage of S. aureus significantly increases the risk of developing

SSI in patients undergoing major heart surgery by at least 3-

fold.77 San Juan et al. showed that the genotypes of S. aureus

isolates obtained from preoperative nasal and surgical-site cul-

tures in patients with MSSA mediastinitis were identical.78

Topical mupirocin is the current gold standard agent for eradi-

cation of S. aureus79 with studies showing a beneficial trend in

reducing the incidence of sternal wound infection.80,81 Intrana-

sal mupirocin results in decolonization of »90% of both

MSSA and MRSA carriers.82 van Rijen et al. demonstrated in

a meta-analysis that the use of mupirocin significantly reduced

the rate of S. aureus infections in carriers but not in noncar-

riers.83 As increased use of mupirocin has led to development

of drug resistance, routine use is not recommended in the

absence of MRSA colonization.84 Cardiothoracic surgical

patients are at high risk for acquiring MRSA-related infec-

tions. As such, current practice guidelines recommend routine

preoperative S. aureus screening for all patients (Class I, Level

A Evidence)85 with topical mupirocin treatment for 5 days in

the absence of a documented negative screen (Class I, Level A

Evidence).10,85,86

Skin Preparation

Preoperative showering or bathing with antiseptic prepara-

tions is commonly used in cardiac surgeries to reduce bacterial

colonization.87 However, a recent systematic review by Franco

et al. reported no significant reduction in SSI rates in patients

who bathed with 4% chlorhexidine versus placebo or soap.88

This finding supported the conclusion in the 2015 Cochrane

review that there was no benefit for 4% chlorhexidine over

other wash products.89 In light of the current evidence, the

2017 European Association for Cardiothoracic Surgery

(EACTS) guidelines recommend that patients shower or bathe

using soap, either the day before or on the day of surgery

(Class IIa, Level B Evidence),10 whereas the 2016 American

Association for Thoracic Surgery (AATS) guidelines suggest
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that chlorhexidine may be helpful in reducing skin bacterial

colonization (Class IIb, Level B Evidence).85

Hair removal over the surgical site is best done just before

surgical incision instead of the night before to reduce the risk

of SSI. Clipping of hair is preferred over shaving or use of

depilatory agents.90 The use of povidone-iodine or chlorhexi-

dine is recommended for surgical site skin preparation imme-

diately before incision and current guidelines do not state a

preference for either agent.91

Optimizing Premorbid Conditions

The AATS guidelines85 suggest the following recommenda-

tions in modifying risk factors that are associated with sternal

wound infections:

1. Correct preoperative hypoalbuminemia (defined as <3g/mL)

before surgery if possible (Class I, Level B Evidence).

2. Treat all sources of extra-thoracic infections before cardiac

surgery if procedure can be safely delayed (Class I, Level

C Evidence).

3. Optimize serum glucose concentrations <180 mg/dL (<10

mmol/L) in patients with poor glycemic control (defined as

hemoglobin A1c levels >7.5% or serum glucose concen-

trations >200 mg/dL [>11.1mmol/L]) (Class I, Level B

Evidence).

4. Smoking cessation and aggressive chest physiotherapy in

patients with COPD or who are actively smoking (Class I,

Level B Evidence).

Antibiotic Prophylaxis

The use of prophylactic antibiotics in cardiothoracic surgery

has been instrumental in the prevention of sternal wound infec-

tions.10,86 Its importance has been clearly demonstrated in

numerous placebo-controlled trials showing an approximate 5-

fold reduction in sternal wound infection rates.92 Various soci-

eties have recommended the use of perioperative antibiotic

prophylaxis as standard practice in cardiac surgery (Class I,

Level A Evidence).10,85

However, considerable debate still exists over the choice of

drug, timing, dose, and duration of antibiotic prophylaxis.10

With the emergence of MRSA and methicillin-resistant CoNS,

the appropriate choice of prophylactic antibiotics has become
Table 2

Perioperative Antibiotic Selection in Cardiac Surgery10,85,86

Penicillin/Beta-lactam Allergy No Penicillin

Low risk of MRSA colonization

Vancomycin § gram-negative coverage Beta-lactam antibiotic (either

cefazolin or cefuroxime)

Vancomycin + gram-negative coverage

Vancomycin + gram-negative coverage

Abbreviations: AATS, American Association for Thoracic Surgery; EACTS, Europ

Staphylococcus aureus; STS, Society of Thoracic Surgeons.
even more important. The 2007 Society of Thoracic Surgeons

practice guidelines recommend a beta-lactam antibiotic (either

cefazolin or cefuroxime) as sole prophylaxis in patients at low

risk of MRSA colonization (Class I, Level A Evidence).10,85,86

One to 2 doses of vancomycin may be added to a beta-lactam

antibiotic in patients with proven or at high risk for MRSA col-

onization (Class IIb, Level C Evidence).86 In patients with

immunoglobulin-E (IgE)-mediated reactions to penicillin or

beta-lactams, vancomycin also is indicated for primary pro-

phylaxis but not more than 48 hours (Class I, Level A Evi-

dence).86 Either a beta-lactam antibiotic or vancomycin may

be used in patients with an unclear history or non-IgE-medi-

ated reactions to penicillin (Class I, Level B Evidence).86

However, the sole use of vancomycin is not recommended

owing to the lack of gram-negative bacterial coverage (Class

III, Level B Evidence),85 hence the addition of an aminoglyco-

side given as a single preoperative dose is advised (Class IIb,

Level C Evidence).86 The 2017 EACTS guidelines recom-

mend vancomycin together with additional gram-negative cov-

erage in patients with penicillin/beta-lactam allergies or at high

risk of MRSA colonization (Class I, Level B Evidence).10

Table 2 summarizes the perioperative antibiotic selection for

beta-lactam allergic and non-allergic patients.

Timing of antibiotic administration and redosing is impor-

tant to achieve and maintain adequate tissue concentrations at

the time of incision and throughout the surgical procedure.

Administration of prophylactic antibiotics should be com-

pleted within 60 minutes of skin incision (Class I, Level A

Evidence).10,85,86 However, a 2017 meta-analysis on the tim-

ing of prophylactic antibiotic administration challenged the

widely accepted 60-minute time frame by demonstrating no

differential effects in the risk of SSI when antibiotics were

administered within 120 minutes before skin incision.93 It is

well established that CPB has a profound effect on the volume

of distribution especially for hydrophilic drugs, owing to

hemodilution, alterations in protein binding, hypothermia, and

drug sequestration within the circuit.94 As such, cephalospor-

ins with short half-lives, such as cefazolin or cefuroxime,

should be redosed for procedures lasting more than 4 hours

(Class I, Level A Evidence)85 or in the situation of prolonged

or excessive bleeding.95 Repeat administration of aminoglyco-

sides is not recommended given their propensity for nephro-

and ototoxicity, which is further exacerbated by delayed clear-

ance after CPB (Class III, Level C Evidence).86
/Beta-lactam Allergy Reference

Proven or Suspected MRSA colonization

Beta-lactam antibiotic + glycopeptide

(vancomycin)

2007 STS guidelines86

Beta-lactam antibiotic + vancomycin 2016 AATS guidelines85

Vancomycin + gram-negative coverage 2017 EACTS guidelines10

ean Association for Cardiothoracic Surgery; MRSA, methicillin-resistant
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The pharmacokinetic profile of antibiotics may be altered in

obesity, often leading to subtherapeutic serum and tissue drug

concentrations, hence weight-adjusted dosing may be war-

ranted in this patient subgroup.95 However, conclusive recom-

mendations cannot be made owing to the paucity of data

demonstrating clinically relevant decrease in SSI rates with

such dosing regimens as compared with standard doses.95 The

current recommended dosing for antibiotics include: 2g of

cefazolin for patients >60kg (Class I, Level B Evidence),

15 mg/kg of vancomycin infused slowly over 1 hour (Class I,

Level A Evidence), and 4 mg/kg of gentamicin (Class I, Level

C Evidence).10,86

Duration of postoperative antibiotic prophylaxis should not

exceed 48 hours (Class IIa, Level B Evidence).96 Prolonged

antibiotic therapy has been associated with drug toxicity,

emergence of resistant bacterial strains, Clostridium difficile

infection, and increased healthcare costs.97,98 Lador et al. dem-

onstrated in a meta-analysis that a duration of postoperative

prophylactic antibiotics less than 24 hours was associated with

higher DSWI rates and there was no additional benefit for anti-

biotic regimens lasting more than 48 hours.99 Mertz et al. also

found that antibiotic prophylaxis for more than 24 hours post-

operatively reduced the risk of DSWI by 68%, though the

meta-analysis was limited by heterogeneity of the various anti-

biotic regimens and risk of bias in the published studies.100 By

reducing the duration of postoperative antibiotic prophylaxis

from 56 to 32 hours, Hamouda et al. showed a reduction in

antibiotic resistance and healthcare costs with no increase in

SSI rates.101

Topical antibiotics, usually vancomycin or gentamicin, can

be applied along the cut sternal edges and have been shown in

several studies to reduce the incidence of sternal wound infec-

tion.102-106 A randomized controlled trial conducted by Vander

Salm et al. in 1989 reported a significant reduction in the risk of

sternal infection when topical vancomycin was applied to the

cut sternal edges.102 Direct sternal administration of vancomy-

cin and gentamicin during sternal closure also was found to sig-

nificantly reduce the incidence of sternal wound infections from

5.8% to 2.0%.103 Furthermore, Lazar et al. demonstrated that

topical vancomycin in combination with perioperative antibiot-

ics and tight glycemic control resulted in the total elimination of

both SSWI and DSWI in diabetic and nondiabetic patients.104

The use of topical vancomycin is relatively safe and not associ-

ated with drug-resistant infections or postoperative renal

impairment.107 The efficacy of topical vancomycin in reducing

the risk of sternal wound infection was further substantiated by

a meta-analysis conducted by Kowalewski et al. in 2017.105 The

use of gentamicin-collagen sponges also has become increas-

ingly popular in recent years. Kowalewski et al. showed in a

2015 meta-analysis that gentamicin-collagen sponges reduced

the incidence of sternal wound infection by approximately

40%.106 This result was mirrored in a recent meta-analysis by

Vos et al., demonstrating a significant reduction in DSWI in

patients receiving local gentamicin before sternal closure.108 In

light of the current evidence, the AATS practice guidelines rec-

ommend the use of topical antibiotics along the cut edges of the

sternum (Class I, Level B evidence).85
Glycemic Control

Maintaining serum glucose concentrations <180 mg/dL

(<10 mmol/L) during the perioperative period has signifi-

cantly reduced the incidence of sternal wound infections

owing to the detrimental effects of hyperglycemia on wound

healing.50,109-111 Both AATS and EACTS guidelines strongly

recommend the use of continuous insulin infusion to achieve

glycometabolic control during the perioperative period (Class I,

Level B Evidence).10,85

Surgical Techniques

Concerns over the risk of DSWI after BITA harvesting have

limited its use in cardiac surgery despite evidence pointing

toward its superiority over the use of a single ITA graft.58 In

recent years, ITA skeletonization has emerged as a suitable

alternative technique39,112,113 owing to preserved collateral

flow to the sternum by harvesting only the ITA without any

surrounding tissue.114 A large meta-analysis by Dai et al. con-

cluded that skeletonized BITA procurement did not result in

an increased risk of sternal wound infection compared with a

single ITA graft.60 This finding was further substantiated by a

study by Bonacchi et al. showing that the use of skeletonized

BITA in carefully selected patients with strict perioperative

glycemic control did not increase the risk of developing

DSWI.115 Kajimoto et al. studied the effects of using skeleton-

ized BITA grafting in diabetic patients undergoing CABG in a

meta-analysis, which also showed no increased risk of DSWI

in this group of high-risk patients.116 Skeletonized ITA dissec-

tion is hence recommended in diabetic patients or during

BITA harvesting (Class I, Level B Evidence).10

Sternal instability and dehiscence can predispose to DSWI,

thus careful attention must be paid to sternal alignment and

closure.117 An inadvertent paramedian sternotomy results in

chest instability owing to difficulty in aligning and approxi-

mating the cut sternal edges.118 The AATS guidelines recom-

mend the following surgical techniques to reduce the

occurrence of sternal dehiscence85:

1. Sternal closure with a figure-of-eight technique especially

in high-risk patients (Class IIb, Level B Evidence).

2. Robicsek weave technique for closing the sternum with

multiple fractures (Class IIa, Level B Evidence). This tech-

nique helps with lateral sternal reinforcement by using a

pericostal wire through the intercostal spaces on either side

of the sternum followed by peristernal closure wires.119

3. Rigid sternal fixation with plates or bands (Class IIb, Level

B Evidence).

Basic surgical techniques should be adhered to and these

include meticulous hemostasis, limiting diathermy use, and

careful surgical dissection to avoid excessive tissue injury. As

the xiphoid process is cartilaginous and avascular, a xiphoid-

sparing midline sternotomy may be an alternative to a full ster-

notomy and has been shown to have a lower incidence of

DSWI.120
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Management

Management of DSWI can be complex and may require a

multidisciplinary team approach involving infectious disease

specialists, microbiologists, as well as cardiothoracic and plastic

surgeons.14 Early detection, appropriate antibiotic treatment,

aggressive surgical debridement, and use of regional muscle

flaps have significantly improved treatment outcomes.10,43

Antimicrobial Treatment

Once the diagnosis of DSWI is suspected, blood, and tissue

cultures should be taken early followed by intravenous adminis-

tration of empirical broad-spectrum antibiotics targeted against

the most likely causative microorganism. If the risk of MRSA is

low, starting piperacillin/tazobactam or carbapenems is an

appropriate choice.15 Vancomycin, daptomycin or teicoplanin

should be added for MRSA coverage when necessary.121

Results from microbiological cultures and antibiotic susceptibil-

ity profiles will subsequently streamline antimicrobial treat-

ment. However, data on the optimal antibiotic regimen and

duration of therapy remain variable and referral to an infectious

disease specialist to guide management may be prudent.15,122

Surgical Management

Aggressive surgical debridement to remove necrotic and

devitalized tissue is required for source control in the treatment

of DSWI. In a retrospective study, patients who underwent

debridement on the day of diagnosis had a shorter hospital

length of stay and fewer admissions compared with those who

had delayed surgical treatment more than 7 days after

diagnosis.123

The earliest treatment of DSWI consisted of surgical revi-

sion followed by open dressings or closed irrigation.124,125

However, leaving the sternum open in the former was associ-

ated with a high mortality rate from right ventricular lacera-

tion, as well as complications from prolonged immobilization

owing to the need for mechanical ventilation.125 Today, pri-

mary or delayed wound closure with vascularized soft tissue

flaps are commonly used techniques for management of

infected sternal wounds.
Table 3

AMSTERDAM Classification of Poststernotomy Mediastinits135

Type Sternal Stability Bone Viability and Stock Reconstruction

1 Stable Minimal bone loss Negative pressure wou

2a Sufficient Local muscle flap

2b Muscle or omental flap

3a Unstable Viable and sufficient Rewiring or sternal fixa

3b Rewiring or sternal fixa

4a Necrotic and insufficient Muscle flap

4b Omental flap

4c Muscle and omental fla

* Indicates rewiring.

y Indicates sternal fixation with plates and clips.
After sternal wound debridement, primary closure can be

attempted provided there are no further signs of wound infec-

tion and sufficient sternum to achieve reasonable approxima-

tion and stability.85 In patients where primary wound closure

is not possible owing to the size of the sternal defect, a soft tis-

sue flap reconstruction using the omentum, pectoralis major,

latissimus dorsi or rectus abdominis muscle is often required.

If the sternal wound cannot be closed owing to persistent deep

sternal infection and the need for repeated surgical treatments,

negative pressure wound therapy (NPWT) is recommended

either as destination or bridge to final sternal closure (Class I,

Level B Evidence).10

NPWT involves applying subatmospheric negative pressure

either continuously or intermittently to a well-sealed polyure-

thane foam placed over the sternal wound. This technique aids

in wound healing and sternal stabilization by continuously

removing excess fluids and tissue debris,125 increasing wound

perfusion,126 and promoting the growth of granulation tis-

sue.127 Early patient mobilization also is possible owing to

wound isolation and sternal stabilization.125 NPWT has been

shown to reduce both mortality and sternal wound reinfection

rates, as well as decrease hospital length of stay compared

with conventional treatments.128-130 In the past decade, there

has been a trend toward using NPWT to aid in wound healing

before rewiring the sternal defect.125 Fleck et al. demonstrated

lower sternal wound reinfection rates with NPWT followed by

either delayed primary closure or flap reconstruction when

compared with immediate primary closure.131

Reconstructive surgery with vascularized soft tissue flaps

may be considered in patients with substantial sternal bone or

soft tissue defect (Class II, Level B Evidence).10 This is usu-

ally performed a few weeks after the initial surgery to allow

for wound healing, formation of mediastinal adhesions, and

sternal stability.132 Factors such as location, extent of sternal

defect, as well as patient comorbidities play an important role

in determining the type of flap reconstruction.4,132 The impor-

tance of early flap coverage in DSWI was highlighted by Lo et

al. who found that each day of delay from diagnosis to flap

cover significantly increased the risk of chronic wound infec-

tion by 1.2 times per day.133 Furthermore, Cabbabe et al. dem-

onstrated that patients with DSWI undergoing one-step radical

sternal debridement followed by immediate muscle flap
Timing of Reconstruction

nd therapy (Class I, Level B) -

Primary (Class II, Level B)

Delayed (Class I, Level B)

tion Primary* or delayedy (Class IIb, Level B)
tion with muscle or omental flap

Primary or delayed (Class IIb, Level B)

p



Table 4

Recommendations for Preventive and Management Strategies of Deep Sternal

Wound Infection

The following is a summary for the prevention of DSWI:

1. Correct preoperative hypoalbuminemia (defined as <3g/mL) before sur-

gery if possible (Class I, Level B Evidence).

2. Treat all sources of extra-thoracic infections before surgery if possible

(Class I, Level C Evidence).

3. Optimize serum glucose concentrations to less than 180 mg/dL (<10 mmol/L)

in patients with poor glycemic control (Class I, Level B Evidence).

4. Smoking cessation and aggressive chest physiotherapy in patients with

chronic obstructive pulmonary disease or who are actively smoking (Class

I, Level B Evidence).

5. Routine preoperative screening of all patients for Staphylococcus aureus

infection (Class I, Level A Evidence).

6. Topical mupirocin treatment for 5 days in the absence of a documented

negative screen for Staphylococcus aureus infection (Class I, Level A Evi-

dence).

7. A shower or bath using soap, either the day before or on the day of surgery

should be considered (Class IIa, Level B Evidence).

8. Chlorhexidine may be helpful in reducing skin bacterial colonization

(Class IIb, Level B Evidence).

9. A beta-lactam antibiotic as sole prophylaxis in patients at low risk of

MRSA colonization is recommended (Class I, Level A Evidence).

10. Vancomycin may be added to a beta-lactam antibiotic in patients with
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coverage had significantly lower mortality and morbidity rates,

as well as shorter hospital length of stay when compared with

patients who had delayed flap reconstruction.134 Patients

receiving a combination of intravenous antibiotics, sternal

debridement, and flap reconstruction had a significantly higher

survival rate compared with those who received intravenous

antibiotics and sternal debridement alone.14 However, there is

no consensus in the current literature regarding the specific

timing for flap reconstructive surgery after DSWI and more

studies in this area are required.4,10,133

In 2014, van Wingerden et al. proposed the AMSTERDAM

(Assiduous Mediastinal Sternal Debridement & Aimed Man-

agement) classification for the surgical management of post-

sternotomy mediastinitis based on 2 variables: sternal stability

as well as bone viability and stock (Table 3).135 Sternal stabil-

ity is preserved in Types 1 and 2, whereas Types 3 and 4 are

characterized by sternal instability. Though unstable, the ster-

num is still viable in Type 3 but necrotic and insufficient in

Type 4. Surgical recommendations and timing of treatment

vary according to the severity of mediastinitis.

The preventive and management strategies for DSWI have

been summarized in Table 4.

proven or at high risk for MRSA colonization (Class IIb, Level C Evidence).

11. Vancomycin is indicated in patients who had IgE-mediated reactions to

penicillin or beta-lactams for primary prophylaxis, but not more than

48 hours (Class I, Level A Evidence).

12. Sole use of vancomycin is not recommended owing to the lack of gram-

negative bacterial coverage (Class III, Level B Evidence). An aminoglyco-

side should be added for gram-negative coverage in patients with penicil-

lin/beta-lactam allergies or at high risk of MRSA colonization (Class I,

Level B Evidence).

13. Administration of prophylactic antibiotics should be completed within

60 minutes of skin incision (Class I, Level A Evidence).

14. The use of topical antibiotics along the cut edges of the sternum is recom-

mended (Class I, Level B evidence).

15. Continuous insulin infusion should be used to achieve glycometabolic con-

trol (serum glucose levels <180 mg/dL) during the perioperative period

(Class I, Level B Evidence).

16. Skeletonized internal thoracic artery dissection is recommended in diabetic

patients or during bilateral internal thoracic artery harvesting (Class I,

Level B Evidence).

17. Robicsek weave technique may be applied for closing the sternum with

multiple fractures (Class IIa, Level B Evidence).

The following is a summary for the management of DSWI:

1. Negative pressure wound therapy is recommended either as destination or

bridge to final sternal closure (Class I, Level B Evidence).

2. Muscle or omental flaps may be considered in patients with sternal instabil-

ity or insufficient bone stock (Class IIb, Level B Evidence).

Abbreviations: DSWI, deep sternal wound infection; IgE, immunoglobulin-E;

MRSA, methicillin-resistant Staphylococcus aureus.
Role of the Cardiothoracic Anesthesiologist

Increasing evidence has shown that anesthesiologists play

an important yet under-appreciated role in the prevention of

SSI through the optimization of perioperative conditions.136

Mild intraoperative hypothermia (core body temperature 34˚

C-36˚C) was found to be a major risk factor for SSI in a ran-

domized double-blind trial involving 200 patients undergoing

colorectal surgery.137 Hypothermia has been hypothesized to

predispose patients to SSI via vasoconstriction, which in turn

decreases subcutaneous tissue perfusion, oxygen delivery, and

production of superoxide radicals for neutrophilic oxidative

bacterial killing.138,139 As hypothermia is inevitable during

cardiothoracic surgery, the perfusionist should rewarm the

patient gradually and thoroughly toward the end of CPB as

guided by skin and core body temperatures. If necessary, the

anesthesiologist can initiate a low dose glyceryltrinitrate infu-

sion to improve microcirculation and facilitate uniform

rewarming of the patient. Normothermia (�36˚C) should be

maintained even after the patient is weaned off CPB, and this

can be achieved with the use of active warming devices and

administration of warmed fluids.140

Optimization of other perioperative conditions that have

been discussed include:

1. Ensuring the administration of appropriate antimicrobial

prophylaxis at the appropriate dose and timing.

2. Administering vancomycin in patients with proven or at

high risk for MRSA colonization.

3. Achieving perioperative glycometabolic control (defined as

serum glucose concentrations <180 mg/dL [<10mmol/L])

with the use of continuous insulin infusion.
Conclusion

DSWI is a rare complication after median sternotomy per-

formed in cardiothoracic surgeries with substantial mortality

and morbidity rates. Identifying the high-risk patient and

employing strategies to optimize the risk factors involved play

an important role in reducing the incidence of DSWI. How-

ever, as the rates of DSWI have not decreased significantly
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over the last decade despite significant improvements in pre-

ventive measures, more attention needs to be paid in refining

treatment protocols to reduce the severity and impact on

patients and the healthcare system.
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76 Simşek Yavuz S, Sensoy A, Ceken S, et al. Methicillin-resistant Staphy-

lococcus aureus infection: An independent risk factor for mortality in

patients with poststernotomy mediastinitis. Med Princ Pract 2014;23:

517–23.

77 Mu~noz P, Hortal J, Giannella M, et al. Nasal carriage of S. aureus

increases the risk of surgical site infection after major heart surgery.

J Hosp Infect 2008;68:25–31.

78 San Juan R, Chaves F, L�opez Gude MJ, et al. Staphylococcus aureus post-

sternotomy mediastinitis: Description of two distinct acquisition path-

ways with different potential preventive approaches. J Thorac Cardiovasc

Surg 2007;134:670–6.

79 Septimus EJ, Schweizer ML. Decolonization in prevention of health care-

associated infections. Clin Microbiol Rev 2016;29:201–22.

80 Cimochowski GE, Harostock MD, Brown R, et al. Intranasal mupirocin

reduces sternal wound infection after open heart surgery in diabetics and

nondiabetics. Ann Thorac Surg 2001;71:1572–8.

81 Kallen AJ, Wilson CT, Larson RJ. Perioperative intranasal mupirocin for

the prevention of surgical-site infections: Systematic review of the litera-

ture and meta-analysis. Infect Control Hosp Epidemiol 2005;26:916–22.

82 Ammerlaan HS, Kluytmans JA, Wertheim HF, et al. Eradication of meth-

icillin-resistant Staphylococcus aureus carriage: A systematic review.

Clin Infect Dis 2009;48:922–30.

83 van Rijen MM, Bonten M, Wenzel RP, et al. Intranasal mupirocin for

reduction of Staphylococcus aureus infections in surgical patients with

nasal carriage: A systematic review. J Antimicrob Chemother 2008;61:

254–61.

84 McConeghy KW, Mikolich DJ, LaPlante KL. Agents for the decoloniza-

tion of methicillin-resistant Staphylococcus aureus. Pharmacotherapy

2009;29:263–80.

85 Lazar HL, Salm TV, Engelman R, et al. Prevention and management of

sternal wound infections. J Thorac Cardiovasc Surg 2016;152:962–72.

86 Engelman R, Shahian D, Shemin R, et al. The Society of Thoracic Sur-

geons practice guideline series: Antibiotic prophylaxis in cardiac surgery,

part II: Antibiotic choice. Ann Thorac Surg 2007;83:1569–76.

http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0041
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0041
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0042
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0042
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0042
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0042
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0043
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0043
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0043
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0044
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0044
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0044
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0045
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0045
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0045
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0046
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0046
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0047
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0047
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0048
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0048
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0048
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0049
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0049
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0049
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0050
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0050
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0051
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0051
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0052
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0052
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0052
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0052
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0053
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0053
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0053
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0054
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0054
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0054
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0054
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0055
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0055
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0055
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0056
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0056
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0056
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0057
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0057
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0057
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0058
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0058
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0058
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0059
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0059
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0059
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0060
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0060
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0060
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0061
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0061
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0061
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0062
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0062
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0062
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0062
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0063
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0063
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0063
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0064
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0064
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0064
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0065
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0065
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0066
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0066
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0066
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0067
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0067
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0067
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0068
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0068
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0068
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0069
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0069
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0070
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0070
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0070
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0071
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0071
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0072
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0072
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0072
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0073
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0073
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0073
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0074
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0074
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0074
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0074
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0075
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0075
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0075
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0076
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0076
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0076
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0076
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0076
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0077
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0077
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0077
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0077
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0078
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0078
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0078
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0078
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0078
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0079
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0079
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0080
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0080
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0080
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0081
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0081
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0081
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0082
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0082
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0082
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0083
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0083
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0083
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0083
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0084
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0084
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0084
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0085
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0085
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0086
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0086
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0086


ARTICLE IN PRESS

P.H.Y. Phoon and N.C. Hwang / Journal of Cardiothoracic and Vascular Anesthesia 00 (2019) 1�12 11
87 Bryan CS, Yarbrough WM. Preventing deep wound infection after coro-

nary artery bypass grafting: A review. Tex Heart Inst J 2013;40:125–39.

88 Franco LM, Cota GF, Pinto TS, et al. Preoperative bathing of the surgical

site with chlorhexidine for infection prevention: Systematic review with

meta-analysis. Am J Infect Control 2017;45:343–9.

89 Webster J, Osborne S. Preoperative bathing or showering with skin anti-

septics to prevent surgical site infection. Cochrane Database Syst Rev

2015(2):CD004985.

90 Ga
�
rdlund B. Postoperative surgical site infections in cardiac surgery - an

overview of preventive measures. APMIS 2007;115:989–95.

91 National Collaborating Centre for Women’s and Children’s Health (UK).

Surgical site infection: Prevention and treatment of surgical site infection.

NICE Clinical Guidelines, No. 74. London: RCOG Press; 2008. https://

www.ncbi.nlm.nih.gov/books/NBK53722/. Accessed 9th October 2019.

92 Kreter B, Woods M. Antibiotic prophylaxis for cardiothoracic operations.

Meta-analysis of thirty years of clinical trials. J Thorac Cardiovasc Surg

1992;104:590–9.

93 de Jonge SW, Gans SL, Atema JJ, et al. Timing of preoperative antibiotic

prophylaxis in 54,552 patients and the risk of surgical site infection: A

systematic review and meta-analysis. Medicine 2017;96:e6903.

94 Mets B. The pharmacokinetics of anesthetic drugs and adjuvants during

cardiopulmonary bypass. Acta Anaesthesiol Scand 2000;44:261–73.

95 Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines

for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm

2013;70:195–283.

96 Edwards FH, Engelman RM, Houck P, et al. The Society of Thoracic Sur-

geons practice guideline series: Antibiotic prophylaxis in cardiac surgery,

part I: Duration. Ann Thorac Surg 2006;81:397–404.

97 Harbarth S, Samore MH, Lichtenberg D, et al. Prolonged antibiotic pro-

phylaxis after cardiovascular surgery and its effect on surgical site infec-

tions and antimicrobial resistance. Circulation 2000;101:2916–21.

98 Harbarth S, Cosgrove S, Carmeli Y. Effects of antibiotics on nosocomial

epidemiology of vancomycin-resistant enterococci. Antimicrob Agents

Chemother 2002;46:1619–28.

99 Lador A, Nasir H, Mansur N, et al. Antibiotic prophylaxis in cardiac sur-

gery: Systematic review and meta-analysis. J Antimicrob Chemother

2012;67:541–50.

100 Mertz D, Johnstone J, Loeb M. Does duration of perioperative antibiotic

prophylaxis matter in cardiac surgery? A systematic review and meta-

analysis. Ann Surg 2011;254:48–54.

101 Hamouda K, Oezkur M, Sinha B, et al. Different duration strategies of

perioperative antibiotic prophylaxis in adult patients undergoing cardiac

surgery: An observational study. J Cardiothorac Surg 2015;10:25.

102 Vander Salm TJ, Okike ON, Pasque MK, et al. Reduction of sternal infec-

tion by application of topical vancomycin. J Thorac Cardiovasc Surg

1989;98:618–22.

103 Andreas M, Muckenhuber M, Hutschala D, et al. Direct sternal adminis-

tration of vancomycin and gentamicin during closure prevents wound

infection. Interact Cardiovasc Thorac Surg 2017;25:6–11.

104 Lazar HL, Ketchedjian A, Haime M, et al. Topical vancomycin in combi-

nation with perioperative antibiotics and tight glycemic control helps to

eliminate sternal wound infections. J Thorac Cardiovasc Surg 2014;148:

1035–8.

105 Kowalewski M, Raffa GM, Szwed KA, et al. Meta-analysis to assess the

effectiveness of topically used vancomycin in reducing sternal wound infec-

tions after cardiac surgery. J Thorac Cardiovasc Surg 2017;154:1320–3.

106 Kowalewski M, Pawliszak W, Zaborowska K, et al. Gentamicin-collagen

sponge reduces the risk of sternal wound infections after heart surgery:

Meta-analysis. J Thorac Cardiovasc Surg 2015;149:1631–40.

107 Lazar HL, Barlam T, Cabral H. The effect of topical vancomycin applied

to sternotomy incisions on postoperative serum vancomycin levels.

J Card Surg 2011;26:461–5.

108 Vos RJ, Van Putte BP, Kloppenburg GTL. Prevention of deep sternal

wound infection in cardiac surgery: A literature review. J Hosp Infect

2018;100:411–20.

109 Kramer R, Groom R, Weldner D, et al. Glycemic control and reduction of

deep sternal wound infection rates: A multidisciplinary approach. Arch

Surg 2008;143:451–6.
110 Carr JM, Sellke FW, Fey M, et al. Implementing tight glucose control

after coronary artery bypass surgery. Ann Thorac Surg 2005;80:902–9.

111 Furnary AP, Gao G, Grunkemeier GL, et al. Continuous insulin infusion

reduces mortality in patients with diabetes undergoing coronary artery

bypass grafting. J Thorac Cardiovasc Surg 2003;125:1007–21.

112 Boodhwani M, Lam BK, Nathan HJ, et al. Skeletonized internal thoracic

artery harvest reduces pain and dysesthesia and improves sternal perfu-

sion after coronary artery bypass surgery: A randomized, double-blind,

within-patient comparison. Circulation 2006;114:766–73.

113 S�a MP, Ferraz PE, Escobar RR, et al. Skeletonized versus pedicled inter-

nal thoracic artery and risk of sternal wound infection after coronary

bypass surgery: Meta-analysis and meta-regression of 4817 patients.

Interact Cardiovasc Thorac Surg 2013;16:849–57.

114 Keeley SB. The skeletonized internal mammary artery. Ann Thorac Surg

1987;44:324–5.

115 Bonacchi M, Prifti E, Bugetti M, et al. Deep sternal infections after in situ

bilateral internal thoracic artery grafting for left ventricular myocardial

revascularization: Predictors and influence on 20-year outcomes. J Thorac

Dis 2018;10:5208–21.

116 Kajimoto K, Yamamoto T, Amano A. Coronary artery bypass revas-

cularization using bilateral internal thoracic arteries in diabetic

patients: A systematic review and meta-analysis. Ann Thorac Surg

2015;99:1097–104.

117 Schimmer C, Sommer SP, Bensch M, et al. Sternal closure techniques and

postoperative sternal wound complications in elderly patients. Eur J Car-

diothorac Surg 2008;34:132–8.

118 Zeitani J, Penta de Peppo A, Moscarelli M, et al. Influence of sternal size

and inadvertent paramedian sternotomy on stability of the closure site: A

clinical and mechanical study. J Thorac Cardiovasc Surg 2006;132:

38–42.

119 Robicsek F, Daugherty HK, Cook JW. The prevention and treatment of

sternum separation following open-heart surgery. J Thorac Cardiovasc

Surg 1977;73:267–8.

120 Rashed A, Verzar Z, Alotti N, et al. Xiphoid-sparing midline sternotomy

reduces wound infection risk after coronary bypass surgery. J Thorac Dis

2018;10:3568–74.

121 Combes A, Trouillet JL, Joly-Guillou ML, et al. The impact of methicillin

resistance on the outcome of poststernotomy mediastinitis due to Staphy-

lococcus aureus. Clin Infect Dis 2004;38:822–9.

122 Khanlari B, Elzi L, Estermann L, et al. A rifampicin-containing antibiotic

treatment improves outcome of staphylococcal deep sternal wound infec-

tions. J Antimicrob Chemother 2010;65:1799–806.

123 Wu L, Chung KC, Waljee JF, et al. A national study of the impact of ini-

tial debridement timing on outcomes for patients with deep sternal wound

infection. Plast Reconstr Surg 2016;137:414e–23e.

124 Sarr MG, Gott VL, Townsend TR. Mediastinal infection after cardiac sur-

gery. Ann Thorac Surg 1984;38:415–23.

125 Sj€ogren J, Malmsj€o M, Gustafsson R, et al. Poststernotomy mediastinitis:

A review of conventional surgical treatments, vacuum-assisted closure

therapy and presentation of the Lund University Hospital mediastinitis

algorithm. Eur J Cardiothorac Surg 2006;30:898–905.

126 Wackenfors A, Gustafsson R, Sj€ogren J, et al. Blood flow responses in the

peristernal thoracic wall during vacuum-assisted closure therapy. Ann

Thorac Surg 2005;79:1724–30.

127 Morykwas MJ, Argenta LC, Shelton-Brown EI, et al. Vacuum-assisted

closure: A new method for wound control and treatment: animal studies

and basic foundation. Ann Plast Surg 1997;38:553–62.

128 Sj€ogren J, Gustafsson R, Nilsson J, et al. Clinical outcome after postster-

notomy mediastinitis: Vacuum-assisted closure versus conventional treat-

ment. Ann Thorac Surg 2005;79:2049–55.

129 Petzina R, Hoffmann J, Navasardyan A, et al. Negative pressure wound

therapy for post-sternotomy mediastinitis reduces mortality rate and ster-

nal re-infection rate compared to conventional treatment. Eur J Cardio-

thorac Surg 2010;38:110–3.

130 Morisaki A, Hosono M, Murakami T, et al. Effect of negative pressure

wound therapy followed by tissue flaps for deep sternal wound infection

after cardiovascular surgery: Propensity score matching analysis. Interact

Cardiovasc Thorac Surg 2016;23:397–402.

http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0087
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0087
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0088
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0088
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0088
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0089
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0089
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0089
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0090
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0090
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0090
https://www.ncbi.nlm.nih.gov/books/NBK53722/
https://www.ncbi.nlm.nih.gov/books/NBK53722/
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0092
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0092
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0092
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0093
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0093
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0093
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0094
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0094
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0095
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0095
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0095
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0096
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0096
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0096
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0097
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0097
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0097
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0098
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0098
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0098
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0099
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0099
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0099
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0100
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0100
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0100
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0101
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0101
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0101
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0102
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0102
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0102
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0103
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0103
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0103
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0104
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0104
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0104
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0104
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0105
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0105
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0105
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0106
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0106
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0106
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0107
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0107
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0107
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0108
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0108
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0108
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0109
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0109
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0109
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0110
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0110
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0111
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0111
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0111
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0112
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0112
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0112
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0112
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0113
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0113
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0113
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0113
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0113
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0114
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0114
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0115
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0115
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0115
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0115
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0116
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0116
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0116
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0116
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0117
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0117
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0117
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0118
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0118
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0118
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0118
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0119
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0119
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0119
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0120
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0120
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0120
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0121
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0121
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0121
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0122
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0122
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0122
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0123
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0123
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0123
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0124
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0124
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0125
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0125
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0125
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0125
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0125
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0125
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0126
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0126
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0126
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0126
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0127
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0127
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0127
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0128
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0128
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0128
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0128
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0129
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0129
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0129
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0129
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0130
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0130
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0130
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0130


ARTICLE IN PRESS

12 P.H.Y. Phoon and N.C. Hwang / Journal of Cardiothoracic and Vascular Anesthesia 00 (2019) 1�12
131 Fleck TM, Koller R, Giovanoli P, et al. Primary or delayed closure for the

treatment of poststernotomy wound infections? Ann Plast Surg

2004;52:310–4.

132 Kaul P. Sternal reconstruction after post-sternotomy mediastinitis. J Car-

diothorac Surg 2017;12:94.

133 Lo S, Hutson K, Hallam MJ, et al. The importance of early flap coverage

in deep sternal wounds. Ann Plast Surg 2014;73:588–90.

134 Cabbabe EB, Cabbabe SW. Immediate versus delayed one-stage sternal

debridement and pectoralis muscle flap reconstruction of deep sternal

wound infections. Plast Reconstr Surg 2009;123:1490–4.

135 van Wingerden JJ, Ubbink DT, van der Horst C, et al. Poststernotomy

mediastinitis: A classification to initiate and evaluate reconstructive man-

agement based on evidence from a structured review. J Cardiothorac Surg

2014;9:179.
136 Mauermann WJ, Nemergut EC. The anesthesiologist’s role in the preven-

tion of surgical site infections. Anesthesiology 2006;105:413–21.

137 Kurz A, Sessler DI, Lenhardt R. Perioperative normothermia to reduce

the incidence of surgical-wound infection and shorten hospitalization.

Study of Wound Infection and Temperature Group. N Engl J Med

1996;334:1209–15.

138 Hopf HW, Hunt TK, West JM, et al. Wound tissue oxygen tension pre-

dicts the risk of wound infection in surgical patients. Arch Surg

1997;132:997–1004.

139 Sessler DI. Complications and treatment of mild hypothermia. Anesthesi-

ology 2001;95:531–43.

140 Bindu B, Bindra A, Rath G. Temperature management under general

anesthesia: Compulsion or option. J Anaesthesiol Clin Pharmacol

2017;33:306–16.

http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0131
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0131
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0131
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0132
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0132
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0133
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0133
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0134
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0134
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0134
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0135
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0135
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0135
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0135
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0136
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0136
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0137
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0137
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0137
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0137
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0138
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0138
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0138
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0139
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0139
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0140
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0140
http://refhub.elsevier.com/S1053-0770(19)30980-2/sbref0140

	Deep Sternal Wound Infection: Diagnosis, Treatment and Prevention
	Methods
	Diagnosis
	Classification
	Microbiology
	Risk Factors
	Preoperative
	Sex
	Advanced Age
	Obesity
	Diabetes Mellitus
	Smoking and COPD

	Intraoperative
	BITA Grafts
	Prolonged Cardiopulmonary Bypass Time

	Postoperative
	Re-exploration
	Blood Product Transfusion


	Preventive Measures
	S. Aureus Nasal Carriage
	Skin Preparation
	Optimizing Premorbid Conditions
	Antibiotic Prophylaxis
	Glycemic Control
	Surgical Techniques

	Management
	Antimicrobial Treatment
	Surgical Management

	Role of the Cardiothoracic Anesthesiologist
	Conclusion
	Conflict of Interest
	References


